ure for average-risk outpatient colonoscopy procedures, which occurred in 15% of cases.
According to results from a prospective study by Ness et al. (8) involving a cohort of 649 patients, inpatient status is a risk factor for bowel preparation failure. Bowel preparation for hospitalized patients can be challenging due to the presence of ongoing acute illnesses, dehydration, comorbidities, and newly prescribed medications. Failure of bowel cleansing typically leads to aborting and re-scheduling procedures after better preparation is achieved, which in turn leads to prolonged hospitalizations. Therefore, identifying factors associated with failure of inpatient colonoscopic bowel preparation is needed.
In this retrospective analysis, we aimed to identify predictors of inpatient colonoscopy bowel preparation failure.
MATERIALS AND METHODS
After acquiring research ethics committee approval from the institute's ethics committee, all adult patients referred for inpatient colonoscopy at our university hospital between January 2015 and June 2016 were identified through our hospital electronic medical records. Patients from the hospital's intensive care units were not included. Written informed consent was obtained from all patients.
Data on demographics, comorbidities, indications for referral, endoscopic findings, and success of bowel preparation were collected. The bowel preparation protocol for inpatients during the review period consisted of a clear fluid diet starting the day before the scheduled colonoscopy in addition to consuming low-volume 2-L polyethylene glycol-electrolyte lavage solution (PEG-ELS) with ascorbic acid in two separate doses, starting after 3 p.m., and both in 1 liter of water over 2 h. Patients were encouraged to drink an additional 1 liter of water or clear liquids after each dose followed by fasting at midnight. Fleet enemas were administered in some cases when preparation was anticipated to be insufficient. All colonoscopies were performed or supervised by one of our unit's eight certified and experienced endoscopists. After the colonoscopy, bowel preparation quality was subjectively graded in an electronically generated procedure report as excellent, good, fair, or poor. For this retrospective review, patients labeled as having excellent or good bowel preparation were considered "adequate" and those labeled as having fair or poor bowel preparation were considered "inadequate".
Data were entered using a standard data extraction sheet and prepared for statistical analysis.
Outcomes
Bowel preparation success, as judged by the endoscopist, was considered the primary outcome. Cecal intubation rate and polyp or mass detection and predictors of bowel preparation failure were considered secondary outcomes.
Statistical Analysis
Baseline descriptive statistics were calculated for all characteristics. We reported means (standard deviations [SD]) for continuous variables and percentages for categorical variables. Student's t-test and the chi-square test were used to compare means and frequencies, respectively. Model selection through backward elimination was used to identify predictors of inadequate bowel preparation for inpatient colonoscopy procedures. Variables with infrequent occurrences were automatically eliminated from the model selection. A p-value of 0.05 was used as threshold for statistical significance, and precision was measured using 95% confidence intervals. STATA 11.2 (StataCorp, Texas, USA) was used in our analysis.
RESULTS

Baseline Characteristics
A total of 130 patients were included in the analysis with a mean age of 58.2 (17.3) years. Fifty-one percent were males, and 51% were native Saudis. Mean body mass index was 26.2 (5.8), and most patients were referred from the surgical ward (51%). Fifty-seven percent of the patients underwent the procedure before noon and the remaining between noon and 4 p.m. The most common indications for inpatient colonoscopies were gastrointestinal bleeding and screening for colorectal cancer, and the majority of patients received meperidine for sedation (38.5%). Approximately 23% of the patients were known to have hypertension, and 14% had a history of prior colonic resection. More patients on warfarin (p=0.002) and who underwent procedures in the afternoon (p=0.004) had unsuccessful bowel preparation (Table 1) .
Outcomes
The overall bowel preparation success rate was 57%, and the success rate was higher in morning procedures compared to afternoon procedures (71% vs. 46%, p=0.004).
A total of 26 polyps (20% of the patients) and 22 masses (17% of the patients) were detected. The cecum was reached in 52% of cases.
Predictors of Successful Bowel Preparation
Statistical analysis identified procedure time as a significant predictor of bowel preparation success such that procedures performed before afternoon had lower chances of success (odds ratio [OR]=0.32, 95% confidence interval [CI]=0.14-0.74, p=0.007). Aspirin use was also a positive predictor for bowel preparation success (OR=3.1, 95% CI=1.03-9.24, p=0.044). A statistical trend was observed with hypertension (OR 0.44, 95% CI=0.17-1.15, p=0.095) and with the use of meperidine for sedation (OR=1.82, 95% CI 0.96-3.42, p=0.063) ( Table 2) .
DISCUSSION
Hospitalized patients may undergo colonoscopy for various indications either electively or on an emergency basis, such as lower gastrointestinal bleeding. An efficient colonoscopy requires proper visualization of the entire colonic mucosa to detect important pathologies and to perform necessary endoscopic therapies that can only be achieved by adequate bowel cleansing. The negative impact of poor bowel preparation on colonoscopy completion rates and adenoma detection has been clearly demonstrated in many studies (9-11).
For inpatients, inadequate bowel preparation has also been associated with a significant increase in hospital stay and Table 2 . Final model for predicting successful bowel preparation for inpatient colonoscopy based on backward elimination model selection costs (12) . Therefore, we found it important to assess possible predictors of inadequate bowel preparation that can help guide future improvement in institutional procedure planning. In our cohort of hospitalized patients, 43% had inadequate bowel preparation, which is a high rate compared with previous studies, and this contributed to a low cecal intubation rate of 52% and polyp detection not meeting guideline recommendations (2, 4, (12) (13) (14) . We found that patients having colonoscopy in the afternoon were less likely to have successful bowel preparation (OR=0.32, 95% CI=0.14-0.74, p=0.007).
The most frequently prescribed preparation in our center is low-volume PEG-ELS with ascorbic acid to be completed the night before the scheduled colonoscopy in addition to Fleet enemas when tolerated, which results in a long interval (>12h for the afternoon procedures) between the end of bowel preparation and the start of colonoscopy. Such a long interval is known to be associated with worse preparation quality. This can be avoided by prescribing a split dose (evening and morning) or same day bowel preparation. A pilot study by Yang et al. (15) demonstrated the feasibility of implementing split dose bowel preparation for inpatient colonoscopy using a standardized electronic order set. Morning-only polyethylene glycol preparation is another option but might be less preferred by patients as shown in another single-center study (16) . Additionally, educating ward nurses and providing patients with educational booklets can have a positive influence on bowel preparation quality (17, 18) .
A recent retrospective study of 244 patients by McNabbBaltar et al. (14) identified advanced age as the only predictor of inadequate inpatient colonoscopy in their cohort. Conversely, results from a retrospective study of 524 patients identified a number of significant predictors for poor inpatient bowel preparation, including lower income, opiate or tricyclic antidepressant use, afternoon colonoscopy, American Society of Anesthesiologists class ≥3 (8) , and symptoms of nausea/vomiting (12) . Our study identified only aspirin use as another positive predictor for bowel preparation success (OR=3.1, 95% CI=1.03-9.24, p=0.044), which is likely a surrogate marker for patient diligence in adhering to the preparation regimen. Failure to detect other predictors of poor preparation can be attributed to our small sample size.
We acknowledge that our study is limited by many factors, including its small sample size, retrospective design, and single-center data source. Furthermore, the ability of individual patients to completely ingest the prescribed laxative dose was not recorded due to the study's retrospective design. Regarding grading of bowel preparation quality, the 4-point scale used is not as precise as newer validated scales. However, we believe that these results might aid in correcting in-hospital protocols for inpatient pre-colonoscopy bowel preparation to help improve the likelihood of success.
In conclusion, bowel preparation is unsuccessful in a significant proportion of patients undergoing inpatient colonoscopy, and procedure timing appears to be the most significant predictor of success. Larger, prospectively designed studies are needed to further identify optimal conditions for inpatient colonoscopy bowel preparation.
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